Abstract-The use of a free oscillating platform for balance training is widespread. However, there is a lack of variables used when analyzing these measurement results. The aim of this study was to introduce and evaluate a new variable. The directional ratio is the ratio of total length of oscillation travelled in the direction parallel and perpendicular to perturbation, respectively. 21 adult figure skaters (m. age 28) participated in balance regain tests, adopting two-legged and one-legged stances on each leg on the PosturoMed platform (Haider Bioswing, Weiden, Germany) with a medial-lateral perturbation. Overall the directional ratio showed weak correlation with the damping ratio (r = -0.05) and the time of balance regain (r = -0.08), suggesting new information content. One-legged stances had significantly lower damping ratio (p = 0.013) and directional ratio values (p < 0.00), showing more anterior-posterior movement and elliptical trajectories. Using the damping and directional ratios together, balance regain can be better characterized in the future.
I. INTRODUCTION -HUMAN BALANCE IN LITERATURE
The maintenance of balance, especially in the case of bipeds such as humans is an intricate process carried out by an integrated neuro-musculo-skeletal system. Static balancing is examined in the field of posturography whereas dynamic balancing corresponds to the study of all movement [1] . Dynamic balancing can be further categorized as reactive, predictive and anticipatory [2] . Predictive strategies arise from cognitive processes. Reactive and anticipatory functions play a role in repetitive actions and there is an involuntary transition between these coordinative patterns [3] .
A. Forms of balance assessment and training
Various methods had been developed for the assessment of balancing abilities. These methods can be categorized by the surface or platform that the participant is standing on. Measurements conducted on solid ground or on an immobile force measuring plate are alike standard posturography measurements. Such methods also involve a sudden perturbation on the body and the resulting balance recovery is recorded [4, 5] . A majority of balance assessment methods are based on the balancing board. Balancing boards are freely mounted on a medio-lateral or antero-posterior pivot and subjects must stand on the board maintaining balance for a set amount of time. Balancing proficiency is measured either by the time of successful balancing or by the error of angular position from the horizontal plane in degrees [6] .
Another method is based on oscillatory platforms that can move in the horizontal plane. These platforms can provide different balancing tasks. Using a continuous, sinusoidal perturbation allows for studying balance learning and effects of anticipation in a recurrent task [7] . One such study found that the possibly changing synergic connection between muscles allows for maintaining balance at a lower activity level [8] .
A free oscillatory platform utilizes a sudden lateral perturbation, after which the participant has to regain their balance, damping the oscillation and stopping the motion of the platform. The speed of oscillation depends on the spring setting. Our study operates with such a device called PosturoMed (Fig. 1) .
B. Usage of PosturoMed in literature
In one of the earliest reported PosturoMed measurements, participants adopted one-legged stance with an upright posture on the platform. They repeated measurements both with an ML and AP perturbation. The number of recorded oscillations in these directions gives a quotient named "balance index". They concluded that such an index would prove useful for quantitative assessment of balancing [10] . Another study also used both ML and AP perturbations, and defined the end time of balancing as the quantitative performance indicator. The balance regain is successful when motion of the platform is within ±2 mm of the resting position [11] . One study examined the intra-and inter-day reliability of PosturoMed measurements. They found a good relative reliability and revealed few cases possible affected by learning the task [12] .
Another study used EMG and an optical motion tracking system with markers attached to the subject's body and the platform [13] . Joint angles were calculated and used to identify the "corrective action" and the ankle, knee and hip strategies of balance regain.
As the subject's balancing efforts are acting as the damping in this mechanical system, Lehr's ratio (damping factor or damping ratio) was introduced to quantify this action [14] . This value compares the actual damping of the system to the critical damping that which cause the system not to oscillate. As such, the damping ratio can be given as a percentage value where higher values represent higher damping properties. Further studies with PosturoMed have been carried out in the field of clinical orthopaedics. Using Lehr's ratio as the performance indicator, the effects of orthopaedic conditions such as knee and hip osteoarthritis and arthroplasty on balancing ability were examined [15, 16] . This method had also been used in early post-operative tracking of balancing activity with respect to different (ie. conventional and minimal invasive) surgical methods [17, 18] .
II. METHODS AND MATERIAL

A. Participants
Adult figure skaters participated in this study. The group included 9 males and 12 females, having a total of 21 participants. Mean age was 28.1 (*4.93) years. Mean bodyweight was 60.65 (*9.48) kg.
B. Platform and measurement
The free oscillating platform PosturoMed® (Haider Bioswing, Weiden, Germany) was used with a medial-lateral perturbation applied. The device is widely used in Europe to train athletes, provide rehabilitation, therapeutic and evaluation methods. The platform is a solid metal plate (12 kg, 60 cm × 60 cm) manufactured with anti-slipping surface that is suspended on eight 15 cm long identical steel springs. This allows the platform to freely move along the horizontal plane. A fastening apparatus allows for the platform to be locked outside its resting position by approximately 20 mm. The perturbation occurs when the fastening apparatus is released. The device was set to its easiest level with four unlocked springs.
The motion of the platform was recorded by using ultrasound transmitters and receiver (zebris CMS10 -zebris GmbH, Isny, Germany) at a measuring frequency of 100 Hz. The transmitters were rigidly attached to the platform. Data collection was done with WinPosture ® software (zebris MedizinTechnik, Germany).The system recorded the platform position along the x and y axes and the yaw angle position along axis z where x is parallel to the perturbation, y is perpendicular to x and is in the horizontal plane and z is perpendicular to the horizontal plane pointing upwards. Position values were recorded at 0.1 mm resolution.
C. Measurement protocol
Participants were asked to stand barefoot in the middle of the measurement platform with arms hanging freely. Participants were allowed to shortly familiarize themselves with the unstable platform while listening to further instructions. A small number of unrecorded perturbation trials were also allowed to get participants accustomed to the procedure. Exclusion conditions that result in rejection of a recorded trial included touching the guardrails with any limb or shifting the position of the supporting feet. Participants were allowed up to 5 attempts standing on both legs, right leg and left leg to complete 3 successful balance regain using each stance.
D. Data processing
Processing of the recorded data was done using a custom LabView (National Instruments, Texas, USA) protocol. An example of the recorded position data is shown in Fig. 2 For the end time of balancing attempt, the final moment in time was considered when the oscillation of the platform stayed within a 2 mm range of the stationary position in all directions. For the calculation of Lehr's ratio the logarithmic decrement method was used accordingly to literature [14, 19] . For distance travelled parallel to perturbation, the position time series along axis X was numerically differentiated to obtain velocity and the absolute value of velocity was integrated to obtain the length of path. The distance travelled perpendicular calculation featured position time series along axis Y and was calculated similarly. The directional ratio is the quotient of the distance travelled parallel and perpendicular to perturbation. For example, the motion trajectory of the balance regain attempt shown in Fig. 3 scores a directional ratio of 2.05, suggesting a prominent use of the antero-posterior direction. Statistical methods were applied using Microsoft Excel's Analysis Toolpak® extension. Independent samples t-tests were applied to compare means of data sets; two tailed tests with significance level of α=0.05 were applied (p value). For correlation analyses, the bivariate Pearson correlation factor (r value) was used. 0.1 < |r|< 0.3 values were considered as weak, 0.3 < |r|< 0.5 values were considered as moderate, 0.5 < |r| values were considered as strong correlation.
III. RESULTS
The overall numbers of successful recorded measurements were 71 in total; 42 one-legged and 29 two-legged stance balance regain were recorded. Numerical results are presented in Table 1 . 
A. Correlations
Correlation analyses of data showed that the end time of balancing strongly correlates with Lehr's damping factor (r = -0.83) as presumed. This means that for performance evaluation purposes, these two values are interchangeable. However, the directional ratio showed weak or no correlation with Lehr's damping factor (r = 0.07) and the end time of balancing (r = -0.05). This suggests that the directional ratio contains new information about the balancing action.
B. Results of statistical analyses
Results for independent samples t-tests are shown in Table  3 . One-legged stance results in significantly lower damping (p < 0.00) and longer end time (p < 0.00). The directional ratio of one-legged stance balance regain is significantly lower than of two-legged stances (p = 0.013).
IV. DISCUSSION
The performance evaluation of dynamic balance regain test following a sudden perturbation is most convenient using the damping factor: a higher damping an athlete can exert on the oscillating system is associated with higher balancing abilities. An assumption is that balancing with a two-legged stance would yield superior performance to one-legged stances, even when standing on the dominant leg. In the current study it was not possible to determine the lateral dominance of participants. However, an earlier study found that there is no significant difference of balancing performance in a double stance to standing on the dominant leg [20] . The significantly lower value of directional ratio shows that achieving this high performance standing on a single leg might be made possible by adopting a more elliptical trajectory of motion.
V. CONCLUSION AND OUTLOOK It had been well established that balance regain performance during perturbation tests can be characterized by the total time of the regain motion. The corresponding damping factor (Lehr's ratio) had also been used extensively in such studies. Now we introduced a promising a new variable, the directional ratio to characterize not the performance but rather the mode of balance regain. The weak correlation with previously used variables suggested new information content. Furthermore, we found that in the cases of one-legged stances the directional ratio is significantly lower than in two-legged stances. Determining the relationship between a less stable position and the directional ratio of the balance regain demands further research.
Recommended areas for future studies include studying the effects of age, gender, lateral dominance, athletic background (e.g. different sports) and health conditions on directional ratio of successful dynamic balance regain. We hope that different balance regain strategies can be characterized pairing Lehr's ratio with the damping ratio
